The performance of hydrological models in western China has been restricted due to the scarcity of meteorological observation stations in the region. In addition to improving the quality of atmospheric input data, the use hydrological models to analyze Hydrological Processes on a large scale in western China could prove to be of key importance. The Jing and Bortala River Basin (JBR) was selected as the study area in this research. The China Meteorological Assimilation Driving Datasets for the SWAT model (CMADS) is used to drive SWAT model, in order to greatly improve the accuracy of SWAT model input data. The SUFI-2 algorithm is also used to optimize 26 sensitive parameters within the SWAT-CUP. After the verification of two runoff observation and control stations (located at Jing and Hot Spring) in the study area, the temporal and spatial distribution of soil moisture, snowmelt, evaporation and precipitation were analyzed in detail. The results show that the CMADS can greatly improve the performance of SWAT model in western China, and minimize the uncertainty of the model. The NSE efficiency coefficients of calibration and validation are controlled between 0.659-0.942 on a monthly scale and between 0.526-0.815 on a daily scale. Soil moisture will reach its first peak level in March and April of each year in the JBR due to the snow melting process in spring in the basin. With the end of the snowmelt process, precipitation and air temperature increased sharply in the later period, which causes the soil moisture content to fluctuate up and down. In October, there was a large amount of precipitation in the basin due to the transit of cold air (mainly snowfall), causing soil moisture to remain constant and increase again until snowmelt in early spring the following year. This study effectively verifies the applicability of CMADS in western China and provides important scientific and technological support for the spatio-temporal variation of soil moisture and its driving factor analysis in western China.
Introduction
In recent years, there have been a number of serious ecological and water crises in the world, with changes to the land surface process in arid areas having a significant influence on the whole inland river water cycle and the ecological environment of vast areas. These changes include arid inland water, the water quality and the continuous degradation, all of which make a frequent contribution to adverse water events. Due to the unique structure of arid oases, their water and energy cycles have their own laws, and local climate conditions are inextricably linked to them. Therefore, it is necessary to systematically analyze the temporal and spatial variations of the surface hydrological components in the arid areas of Xinjiang, which may provide important technical support for the ecological and hydrological restoration and sustainable development of arid areas.
The JBR are located in Xinjiang, western China, and their basins enclose the total area of the surface's hydrological components' spatial variation in the arid alpine area of Xinjiang; the middle of this area is a valley, whilst the east is a basin. Furthermore, its geomorphology and terrain can be connected with the Junggar Basin and divided into three major types of landforms: mountain, valley, and basin. Because the watershed interchanges are located in the sinking area of the Alashan Mountain, wind is the largest meteorological hazard in the Bo River Basin. Due to the fragile ecological structure of the basin, the impact of both salinization and desertification is serious. In recent years, with climate change and large-scale human reclamation activities, the amount of water flowing into the Ebinur Lake in the JBR has decreased and the ecological environment has continued to degenerate. According to statistics, between the 1950s and 1970s, the Ebinur Lake in the JBR shrunk in size by nearly 678 square kilometers, and lost nearly 2.3 billion cubic meters of water. Due to the sharp decline in water resources, the lake's salinity has greatly increased, the wetland area has become smaller, and the lake's role in climate regulation has reduced, which is devastating to both the ecosystem and local residents. The impact of this makes the already very fragile ecological environment of the JBR further deteriorate, resulting in a biological chain chasm, reduced biological diversity, intensified desertification and other ecological problems. As the JBR contributes greatly to the ecological balance and social economy in Xinjiang, it is vital to develop the surface related parameters (such as the ecological hydrological parameters) of the JBR and provide the locality with feasible and sustainable development based on the simulation of the land surface process. However, due to the scarcity of traditional observation sites in the region, large differences in the underlying surface, and the increased influence of climate change and human activities, it is difficult to simulate the temporal and spatial changes of the surface components in Xinjiang. In other words, the uncertainty of the atmospheric-related data will lead to a significant increase in the uncertainty of the region's analog output [1] .
Numerous analyses have shown that if the atmospheric dataset contains more observation data, the simulation results can be improved significantly [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . The NCEP and NCAR are cooperating in a project denoted "reanalysis" to produce a 40-year record of global analyses of atmospheric fields in support of the needs of the research and climate monitoring communities. ERA is a re-analysis of meteorological observations from September 1957 to August 2002 produced by the European Centre for Medium-Range Weather Forecasts (ECMWF) in collaboration with many institutions. There are currently many kinds of atmospheric datasets in use in China and overseas, such as the NCAR/DOE of NCEP [17, 18] , ERA-15, ERA-40, ERA-Interim reanalysis data [19] , JRA-25 reanalysis data [20] and the Princeton dataset, all of which can enhance the model's performance. As traditional atmospheric observing stations do not cover the whole world, the above datasets provide an important basis for data analysis [17] . However, despite the continuous emergence of various types of atmospheric reanalysis datasets or atmospheric-driven fields, these datasets need to be further validated for a study of large and medium-sized areas. For example, Jeremy et al. used the regional climate model (RegCM) to simulate and evaluate the monthly variation of precipitation in the winter and summer seasons in the East Asian monsoon region, and found that the RegCM model made large errors when forecasting precipitation. It is believed that this phenomenon is particularly evident in winter. Furthermore, numerous studies have shown that NCEP, ERA and JRA reanalysis datasets can leads to obvious seasonal and regional differences over China [21] [22] [23] [24] [25] [26] [27] [28] . For example, Shi et al. [29] used various technical means to evaluate the usability of NCAR-driven data (e.g., air temperature, wind speed) in China, with their results showing that the wind field anomalies were negatively correlated with altitude. Ning et al. [30] used Noah LSM-HMS driven by model (CMADS) with a very good performance, indicating that streamflow is increased in dry seasons and decreased in wet seasons, and large and small reservoirs can have equally large effects on the streamflow.
The above studies have proved that although all kinds of reanalysis products and datasets can reflect large-scale meteorological elements; however, for China, especially the western region, the regional surface differences are large and observation stations are relatively scarce. Moreover, most of the reanalysis datasets used in previous research have not been assimilated with data from the regional automatic stations within China; therefore, they are unable to reflect the strength and frequency of the various driving factors effectively [31] . In summary, it is very important to simulate and analyze the relevant surface components by using a meteorological background field which has been corrected by a regional automatic station so as to develop a more credible hydrological simulations [32, 33] .
The China Meteorological Assimilation Datasets for the SWAT model (CMADS) was completed over the 9-year period of 1 January 2008 through 31 December 2016, and has been used in many watersheds throughout East Asia [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] . Furthermore, Researchers from China also used CMADS data and Penman-Monteith method to calculate Potential evapotran-spiration (PET) across China with good performance [44] [45] [46] [47] [48] [49] [50] [51] . However, although CMADS has many applications in China, there are few applications in western China, where traditional weather stations are scarce. Especially in the western part of China, the surface space-time differentiation and complexity, coupled with the region's economic and other objective factors, limit the local establishment of a large number of meteorological observation systems [50] [51] [52] . Therefore, the use of limited traditional observatories by local scientists does not for the basis for good scientific and effective study of the local underlay surface. Since analyses of surface processes (such as soil moisture, temperature, melting snow, etc.) based on the CMADS+ SWAT mode are not being used very well until now, the purpose of this paper is try to use high-precision meteorological data (CMADS) to drive the SWAT model. When the SWAT model is localized, we will effectively analyze and examine other surface processes (snowmelt, soil moisture, etc.).
Study Area
The JBR are located on the northern slope of the western Tianshan Mountains (Figure 1 ), (81 • 46'-83 • 51' E, 44 • 02'-45 • 10' N), with a total area of 11,300 km 2 . The precipitation is mostly from the Arctic Ocean and the Atlantic water vapor, and shows an overall pattern of (1) more in the mountains than the plains, (2) more in the west than the east, and (3) more along the shady slope than the sunny slope. The basin has a distribution of nearly 460 glaciers, with a total of 15.4 km 2 of glacier reserves. Among them, the glacier areas in the JBR regions reach 96.2 km 2 and 110.3 km 2 respectively. The amount of glacier replenishment in the Jinghe is about 96 million m 3 , whilst in the Bo River it is about 105 million m 3 , accounting for 20.6% and 21.4% of their total river runoffs respectively. The combined effects of temperature, precipitation and topography have led to the runoff replenishment of the region depending mainly on snow, ice, rainfall and groundwater, making the area a typical arid basin. However, the mineralization of Ebinur Lake has gradually increased in recent years, and the competition between ecological and domestic water usage has become increasingly intensive. In addition, the land degradation within the basin is also very serious, and 1500 km 2 of the underwater region of the Ebinur Lake has been degraded into a salt desert, with a salinization area of 71 km 2 .
In recent years, researchers have only used various types of reanalysis data (or regional climate models) and single point observation data to study the JBR and the whole Xinjiang region. As the Xinjiang regional meteorological stations are relatively scarce, the region has not yet undergone a more thorough and reliable simulation and analysis of the hydrological process. However, it is very important that the temporal and spatial evolution of the hydrological correlation components are simulated using the SWAT model, which has a high resolution and reliable driving field. 
Material and Methods

Material
The China Meteorological Assimilation Driving Datasets for the SWAT model (CMADS) is a public datasets developed by Prof.Xianyong Meng from China agriculture university (http://www.cmads.org/).The input datasets for the SWAT model mainly includes land use, the river network, digital elevation model (DEM) and soil distribution, as well as other data. Among them, the SRTM90mdigital elevation is obtained from the CGIAR-CSI SRTM database: (http://srtm.csi.cgiar.org/SELECTION/input Coord.asp).
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The China Meteorological Assimilation Driving Datasets for the SWAT model (CMADS) is a public datasets developed by Xianyong Meng from China agriculture university (http://www.cmads. org/).The input datasets for the SWAT model mainly includes land use, the river network, digital elevation model (DEM) and soil distribution, as well as other data ( Figure 2 ). Among them, the SRTM90mdigital elevation is obtained from the CGIAR-CSI SRTM database: (http://srtm.csi.cgiar. org/SELECTION/inputCoord.asp). 
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(a) The physical properties of soil determines the characteristics of the production and confluence of the different hydrological units in the SWAT model, and also provide a reference for the definition of the hydrological response unit (HRU). The soil input data selected in this study is the Harmonized World Soil Database version 1.1 (HWSD 1.1), which has been derived from the World Soil Database (HWSD). The land use comes from the Management Office of the JBR. The distribution of the original land use data in the study area is analyzed in the JBR (see Figure 3B ). The land use data is superimposed on the Second Glacier Inventory Dataset of China (Version 1.0) [25] .
In order to ensure the consistency of the resolution within the SWAT model, the spatial resolution of DEM and soil distribution, land use data is unified into 1 km, and the projection coordinates are set uniformly to wgs_1984_utm_zone_44n projection.
3.1.1. The Atmosphere-Driven Data CMADS incorporated technologies of LAPS/STMAS and was constructed using multiple technologies and scientific methods, including loop nesting of data, projection of resampling models, and bilinear interpolation. The above process is carried out under conditions of strict quality control [26, 27] . Some of the specific information and site distribution of the CMADS V1.0 used in this study are shown in Table 1 . The physical properties of soil determines the characteristics of the production and confluence of the different hydrological units in the SWAT model, and also provide a reference for the definition of the hydrological response unit (HRU). The soil input data selected in this study is the Harmonized World Soil Database version 1.1 (HWSD 1.1), which has been derived from the World Soil Database (HWSD). The land use comes from the Management Office of the JBR. The distribution of the original land use data in the study area is analyzed in the JBR (see Figure 3B ). The land use data is superimposed on the Second Glacier Inventory Dataset of China (Version 1.0) [25] .
3.1.1. The Atmosphere-Driven Data CMADS incorporated technologies of LAPS/STMAS and was constructed using multiple technologies and scientific methods, including loop nesting of data, projection of resampling models, and bilinear interpolation. The above process is carried out under conditions of strict quality control [26, 27] . Some of the specific information and site distribution of the CMADS V1.0 used in this study are shown in Table 1 .
This study uses the CMADS V1.0 version as the SWAT atmospheric driving dataset, with a spatial resolution of 1/3 degrees, a day-to-day time resolution, and a data scale of 2008-2013. The SWAT model has read the driving elements (i.e., temperature, humidity, wind, precipitation and radiation data) of the 23 sites of the CMADS V1.0 in the JBR. In this study, observed daily runoff datasets of two hydrological stations in JBR are selected for calibration and validation, detailed information relating to these stations is shown in Table 2 . 
SWAT Hydrological Model
In this study, the semi-distributed hydrological model, SWAT, is used to simulate the hydrological correlation components. Unlike the fully distributed model, this model treats the homogeneous land cover/utilization, soil distribution and management unit as a hydrological response unit (HRU). The model considers that all the water balance processes within the HRU are consistent. The SWAT model has been updated to SWAT 2012 since its release (https://swat.tamu.edu/). The simulation process of SWAT is divided into two steps: the first is the runoff stage, which can import pesticides, sediment and various nutrients in each natural sub-basin into the main watercourse; the second, the convergence process, mainly refers to the migration process of sediments and water flow to the major water outlet in the river basin. In the SWAT model, water balance plays an important role [6] . Furthermore, the SWAT model uses the Soil Conservation Service's (SCS) precipitation runoff curve to calculate the daily runoff process. This method supposes that the water flow along the slope's surface is the surface runoff when the surface soil moisture is low and the infiltration rate is larger, which will decrease with the increase of the soil moisture. At this point, if the infiltration rate is less than the rainfall intensity, then the phenomenon of the low-lying land fill arises. After filling the land, the surface runoff quickly forms and merges into the river watercourse. The SWAT model provides three methods for calculating the potential evaporation: the Penman-Monteith (P-M) method [6] [7] [8] , the Priestley-Taylor method [9] and the Hargreaves method. In this study, the P-M method was chosen as the one for evaporation simulation because the CMADS can provide all the input elements (the traditional weather station could not provide solar radiation data). In addition, the SWAT model also assumes that the evaporation of the canopy-intercepted rainfall is calculated, and the evaporation and sublimation components are estimated using the Ritchie method, with the corresponding results being obtained. In this process, if there is snow in the HRU, the snow sublimation will be calculated first and then the soil evaporation process will be calculated. At present, the SWAT snow melting module uses the method of degree day factor, which suggests that the snowmelt process is influenced by the air and snow cover temperatures, the snowmelt rate and snow cover area.
The SWAT Model's Scheme Settings
The SWAT model extracts the river network information based on the DEM to divide the basin area into smaller sub-basins. The area of the study area is 11275 km 2 , which is divided into 39 sub-basins and 1648 HRUs. Due to the advantages that the CMADS has in providing additional solar radiation elements, the SWAT model is used to calculate the potential evaporation by the P-M method, which requires the input of solar radiation, temperature, wind speed and relative humidity. As the precipitation data are derived daily, the surface runoff simulation is calculated using the SCS curve. The runoff of the surface will be simulated in different HRUs and eventually converge to the main river basin. Finally, the SWAT model will select the river watercourse accumulation method, based on a continuous equation, to calculate the water evolution of the main watercourse. In order to reduce the error (especially in the high altitude area) of the spatial interpolation, the SWAT model is used to interpolate the single-point meteorological data space in the basin using the Centroid method. In this paper, in order to identify the different elevation zones' precipitation distribution accurately, the basins are divided into different elevation zones.
Due to the limitations of the CMADS drive field time scale (2008-2014) and runoff observation data, and in order to make all the hydrological processes in the initial stage of the simulation transform from the initial state to one of equilibrium, this study will set the warm-up period to 1 year (i.e., 2008), the calibration period to 2009-2010, and the verification period to 2011-2013.
Sensitivity Analysis
In this study, SWAT-CUP is used to calibrate the SWAT model that is driven by the CMADS. SWAT-CUP is an automated calibration and uncertainty analysis program developed by the EWAGE Institute for the SWAT model [14] . A sensitivity analysis analyzes the sensitivity of the model's parameters to the simulation results. In this study, a total of 26 parameters were analyzed for the sensitivity of the runoff-related parameters in order to obtain the ranking of the pattern sensitivity parameters (see Table 3 ). (2009) (2010) . In this study, SWAT-CUP is used to calibrate the annual observation data of two stations in the JBR. The calibration process takes into account the annual average evaporation and precipitation of the basins. Then the calibration is extended to a monthly period. After the monthly data calibration has been completed, a daily observation of the data, parameters calibration and fine-tuning are conducted. In the calibration process, the relationship between the annual evaporation and runoff is considered first, and then it is confirmed that the simulation results are in accordance with the total annual evaporation and precipitation, and thus, that the runoff appears feasible. It was found that the precipitation reduction rate (PLAPS) in the variables was 44.5 mm/km. By analyzing the final values of the SWAT model's parameters (Table 3) , it was also found that the temperature gradient model considers −4.3039 • C /km as its optimal value, and the above two parameters' calibration values agree with the actual average values over multiple years in the basin.
The Model's Evaluation
The Nash-Sutcliffe Efficiency (NSE) coefficient and R 2 deterministic coefficient are used as model evaluation indicators, as both have been widely used to evaluate the performance of the model [15, 16] . Out of these, the NSE coefficient is a normal statistical equation, which reflects the observed value and the corresponding analog value of the degree of fit. The NSE can be calculated using Equation (1):
where, Q is the runoff value variable, Q m and Q s represent the observed and model values respectively, and Q m indicates the mean observed runoff. The NSE is in the range of −∞ to 1: when the NSE calculation result is 1, the observed value and the modal value can be regarded as consistent; when the value is between 0.5-1, the model's results are acceptable; and when the NSE is less than 0, the model's results can be considered as poor. The deterministic coefficient R 2 determines the degree of correlation between the variables (see Equation (2)).
where Q m and Q s are the same as in equation 6, and i indicates the ith observation or simulation value. Many researchers have used R 2 > 0.5 and NSE > 0.5 as a satisfactory criterion for the SWAT model [52] , whilst others also believe that NSE > 0.4 can also be used as a criterion for a satisfactory model indicator. This study uses the criteria set by Moriasi et al [53] ; that is, when the model is in its calibration stage, if the monthly scale simulation results are NSE ≥ 0.65, or if the daily scale simulation results are NSE ≥ 0.5, the model simulation results are acceptable [54] .
Results and Discussion
Simulated runoff by CMADS+SWAT
In this study, the CMADS+SWAT model was used to export the monthly runoff of the two hydrological stations (Jinghe mountain station and Hot Spring station), and the parameters were calibrated (see It was found that on a monthly scale, the SWAT model that is driven by CMADS has reached the satisfactory index (see Table 4 ) in the two control stations of the JBR. Moreover, on a monthly scale, the simulation results obtained by CMADS achieved satisfactory results (NSE = 0.939, R 2 = 0.942) at the Jinghe Mountain Station (calibration period). It was found that on a monthly scale, the SWAT model that is driven by CMADS has reached the satisfactory index (see Table 4 It was found that on a monthly scale, the SWAT model that is driven by CMADS has reached the satisfactory index (see Table 4 It was found that on a monthly scale, the SWAT model that is driven by CMADS has reached the satisfactory index (see Table 4 During the validation period, although the NSE efficiency coefficient and the R 2 deterministic coefficient were slightly lower than those of the calibration period, they were overall satisfactory (NSE = 0.904, R 2 = 0.934). Compared with the Jinghe mountain station, the simulation accuracy of the Hot Spring station in the calibration and the verification periods were slightly lower. The authors believe that the glacier in the upper reaches of the Hot Spring has a great influence on the simulation results of the Hot Spring station. Furthermore, in the SWAT model, the degree-day factor only considers the snowmelt factor carefully, which leads to the simulation accuracy of the river basin in the Hot Spring station to be lower than that of the Jinghe Control Station (where the glacier replenishment rate is smaller than that of the former).
After completing the monthly scale calibration and verification, this study inputs the monthly scale optimal parameter value into the SWAT model for daily fine tuning and calibration. The results show that the SWAT model driven by the CMADS achieves acceptable results on a daily scale for the two control stations (see Figure 8 , Figure 10 , and Table 4 ). The runoff simulation results of the SWAT model driven by the CMADS demonstrate good consistency in the daily hydrological graphs of the two sub-watersheds. During the validation period, although the NSE efficiency coefficient and the R 2 deterministic coefficient were slightly lower than those of the calibration period, they were overall satisfactory (NSE = 0.904, R 2 = 0.934). Compared with the Jinghe mountain station, the simulation accuracy of the Hot Spring station in the calibration and the verification periods were slightly lower. The authors believe that the glacier in the upper reaches of the Hot Spring has a great influence on the simulation results of the Hot Spring station. Furthermore, in the SWAT model, the degree-day factor only considers the snowmelt factor carefully, which leads to the simulation accuracy of the river basin in the Hot Spring station to be lower than that of the Jinghe Control Station (where the glacier replenishment rate is smaller than that of the former).
After completing the monthly scale calibration and verification, this study inputs the monthly scale optimal parameter value into the SWAT model for daily fine tuning and calibration. The results show that the SWAT model driven by the CMADS achieves acceptable results on a daily scale for the two control stations (see Figures 7-10 , and Table 4 ). The runoff simulation results of the SWAT model driven by the CMADS demonstrate good consistency in the daily hydrological graphs of the two sub-watersheds. During the validation period, although the NSE efficiency coefficient and the R 2 deterministic coefficient were slightly lower than those of the calibration period, they were overall satisfactory (NSE = 0.904, R 2 = 0.934). Compared with the Jinghe mountain station, the simulation accuracy of the Hot Spring station in the calibration and the verification periods were slightly lower. The authors believe that the glacier in the upper reaches of the Hot Spring has a great influence on the simulation results of the Hot Spring station. Furthermore, in the SWAT model, the degree-day factor only considers the snowmelt factor carefully, which leads to the simulation accuracy of the river basin in the Hot Spring station to be lower than that of the Jinghe Control Station (where the glacier replenishment rate is smaller than that of the former).
After completing the monthly scale calibration and verification, this study inputs the monthly scale optimal parameter value into the SWAT model for daily fine tuning and calibration. The results show that the SWAT model driven by the CMADS achieves acceptable results on a daily scale for the two control stations (see Figure 8 , Figure 10 , and Table 4 ). The runoff simulation results of the SWAT model driven by the CMADS demonstrate good consistency in the daily hydrological graphs of the two sub-watersheds. 
Spatial and Temporal Distribution Variation of Hydrological Processes
Since the SWAT model have been localized to the JBR and obtained satisfactory results, in order to analyze the ability of the CMADS+SWAT model to simulate the spatial and temporal evolution of the soil moisture and snowmelt variables from time and space perspectives, and to quantitatively 
Since the SWAT model have been localized to the JBR and obtained satisfactory results, in order to analyze the ability of the CMADS+SWAT model to simulate the spatial and temporal evolution of the soil moisture and snowmelt variables from time and space perspectives, and to quantitatively analyze the response between the components, this study uses the Jinghe sub-basin as the main object of analysis object, and extracts the relationship between the multiple elements.
Response of Snowmelt Process and Soil Moisture
In order to study the effect of snowmelt on the soil moisture, this part of the study extracted the spatial variation of the soil moisture and the corresponding snowmelt (Figure 11 ) of the whole river basin on 8 April 2012. The left figure displays the soil moisture distribution, whilst the right one shows the corresponding time of the snowmelt's spatial distribution. In order to analyze the relationship between the various surface components in the basin quantitatively, this study also extracted the time series of various surface components (including the soil moisture, potential evapotranspiration, precipitation and snowmelt) in the river basin (see Figure 12 ). analyze the response between the components, this study uses the Jinghe sub-basin as the main object of analysis object, and extracts the relationship between the multiple elements.
In order to study the effect of snowmelt on the soil moisture, this part of the study extracted the spatial variation of the soil moisture and the corresponding snowmelt (Figure 11 ) of the whole river basin on 8 April 2012. The left figure displays the soil moisture distribution, whilst the right one shows the corresponding time of the snowmelt's spatial distribution. In order to analyze the relationship between the various surface components in the basin quantitatively, this study also extracted the time series of various surface components (including the soil moisture, potential evapotranspiration, precipitation and snowmelt) in the river basin (see Figure 12 ). Through the distribution of the soil moisture throughout the JBR on 8 April 2012, it was found that the soil moisture in the entire basin was in a wet state on that day (see Figure 14A) . Furthermore, where the Hot Spring station controls the sub-watershed soil, its moisture was between 18 mm and 20 mm, whereas the soil moisture of the Jinghe Control Station and its nearby sub-basin reached nearly 57mm. It was also found that on 8 April 2012, by analyzing the spatial distribution of the corresponding snowmelt in the basin ( Figure 14A1 ), there was a large snowmelt in the JBR. Moreover, the main area where snowmelt occurred was just the northern slope of the western Tianshan Mountains, which experiences a huge snow cover for 3-4 months in a year. In order to analyze the magnitude of snowmelt and soil moisture in the JBR quantitatively, and to analyze the direct response relationship, this study carried out a time series analysis of the soil moisture and snowmelt in a single sub-basin that is under the control of the Jinghe Hydrological Station (Jinghe Mountain Station). spatial variation of the soil moisture and the corresponding snowmelt (Figure 11 Figure 12) . Through the distribution of the soil moisture throughout the JBR on 8 April 2012, it was found that the soil moisture in the entire basin was in a wet state on that day (see Figure 14A) . Furthermore, where the Hot Spring station controls the sub-watershed soil, its moisture was between 18 mm and 20 mm, whereas the soil moisture of the Jinghe Control Station and its nearby sub-basin reached nearly 57mm. It was also found that on 8 April 2012, by analyzing the spatial distribution of the corresponding snowmelt in the basin ( Figure 14A1 ), there was a large snowmelt in the JBR. Moreover, the main area where snowmelt occurred was just the northern slope of the western Tianshan Mountains, which experiences a huge snow cover for 3-4 months in a year. In order to analyze the magnitude of snowmelt and soil moisture in the JBR quantitatively, and to analyze the direct response relationship, this study carried out a time series analysis of the soil moisture and snowmelt in a single sub-basin that is under the control of the Jinghe Hydrological Station (Jinghe Mountain Station). Figure 12 shows the various types of surface or near-surface components (i.e., potential evapotranspiration, soil moisture, precipitation and amount of snowmelt) in the river basin. It was found that the snow melting phenomenon began to occur in the middle of March 2012, and the snowmelt phenomenon appeared on 8 April 2012. The snowfall of the Jinghe was 18mm/day and the soil moisture in the natural sub-basin of the Jinghe Control Station also reached a high level (about 56 mm) during this period. The analysis also found that the most important contributor of the soil Through the distribution of the soil moisture throughout the JBR on 8 April 2012, it was found that the soil moisture in the entire basin was in a wet state on that day (see Figure 14A) . Furthermore, where the Hot Spring station controls the sub-watershed soil, its moisture was between 18 mm and 20 mm, whereas the soil moisture of the Jinghe Control Station and its nearby sub-basin reached nearly 57 mm. It was also found that on 8 April 2012, by analyzing the spatial distribution of the corresponding snowmelt in the basin (Figure 14A1 ), there was a large snowmelt in the JBR. Moreover, the main area where snowmelt occurred was just the northern slope of the western Tianshan Mountains, which experiences a huge snow cover for 3-4 months in a year. In order to analyze the magnitude of snowmelt and soil moisture in the JBR quantitatively, and to analyze the direct response relationship, this study carried out a time series analysis of the soil moisture and snowmelt in a single sub-basin that is under the control of the Jinghe Hydrological Station (Jinghe Mountain Station). Figure 12 shows the various types of surface or near-surface components (i.e., potential evapotranspiration, soil moisture, precipitation and amount of snowmelt) in the river basin. It was found that the snow melting phenomenon began to occur in the middle of March 2012, and the snowmelt phenomenon appeared on 8 April 2012. The snowfall of the Jinghe was 18 mm/day and the soil moisture in the natural sub-basin of the Jinghe Control Station also reached a high level (about 56 mm) during this period. The analysis also found that the most important contributor of the soil moisture's increase when the snow fell was the snow itself, with only a small amount coming from precipitation. In addition, the soil moisture was in inverse proportion to the potential evaporation values.
Response of Precipitation and Soil Moisture
This paper has analyzed the Jinghe sub-basin in the JBR, and focused on the influence of snowmelt on the soil moisture. However, in addition to the snow melt phenomenon, the impact of precipitation on the soil moisture cannot be ignored. This section analyzes the effects of precipitation on the soil moisture from summer to autumn, since the precipitation of snowfall in early spring has been analyzed. As the soil moisture in the study area will fluctuate during the long period of time between the snow melting period and September, and the sudden rise of the soil during the middle and late period of October will remain constant, the authors will compare the above two stages of precipitation and soil moisture using a response analysis of both time and space extraction; this will also serve to verify the changes of other variables (such as permafrost and snow depth) during the change of soil moisture in the Jinghe Mountain Station. This study also extracted the observation data of ice and snow (between 2010 and 2011) ( Figure 13A ,B,A1,B1). moisture's increase when the snow fell was the snow itself, with only a small amount coming from precipitation. In addition, the soil moisture was in inverse proportion to the potential evaporation values.
This paper has analyzed the Jinghe sub-basin in the JBR, and focused on the influence of snowmelt on the soil moisture. However, in addition to the snow melt phenomenon, the impact of precipitation on the soil moisture cannot be ignored. This section analyzes the effects of precipitation on the soil moisture from summer to autumn, since the precipitation of snowfall in early spring has been analyzed. As the soil moisture in the study area will fluctuate during the long period of time between the snow melting period and September, and the sudden rise of the soil during the middle and late period of October will remain constant, the authors will compare the above two stages of precipitation and soil moisture using a response analysis of both time and space extraction; this will also serve to verify the changes of other variables (such as permafrost and snow depth) during the change of soil moisture in the Jinghe Mountain Station. This study also extracted the observation data of ice and snow (between 2010 and 2011) ( Figure 13A ,B,A1,B1). Figure 13A shows the distribution of the soil moisture in the Bo River Basin on 22 June, 10 June, and Figure 13A1 shows the distribution of precipitation in the corresponding watershed. The results show that the soil moisture in the control basin was 24.8 mm, and the precipitation in the control area of the Jinghe Mountain Station was 30.1mm. The results also show that the increase of precipitation during the day led to the rapid increase of soil moisture in a short period. A similar situation also occurred in 2011, as shown in Figure 13A1 , for the spatial distribution of soil moisture on 21 October. Figure 13B1 shows the distribution of precipitation over the entire basin in the corresponding period. It was found that the soil moisture in the sub-basin of the Jinghe mountain station and Hot Spring station is substantial, with 22 mm and 18mm, repectively. The analysis also found that, while the soil moisture in the basin reached a high level in the same period, the precipitation occurred in the whole sub-basin of the Jinghe and Bortala Rivers. In order to accurately verify the response relationship between the soil moisture and precipitation in order of magnitude, this study extracted other surface components (i.e., potential evapotranspiration, soil moisture, precipitation and snow melt) of the Jinghe mountain station (2011) (2012) ) that corresponded with the other results ( Figure 14AB) .
The results show that the precipitation in the basin was close to 30 mm on 22 June 2010, and the soil moisture also reached 24.8 mm (Figure 14A ), corresponding to the above spatial distribution. On 21 October 2011, the precipitation in the sub-basin of the Jinghe Yamaguchi Control Station reached Figure 13A shows the distribution of the soil moisture in the Bo River Basin on 22 June, 10 June, and Figure 13A1 shows the distribution of precipitation in the corresponding watershed. The results show that the soil moisture in the control basin was 24.8 mm, and the precipitation in the control area of the Jinghe Mountain Station was 30.1mm. The results also show that the increase of precipitation during the day led to the rapid increase of soil moisture in a short period. A similar situation also occurred in 2011, as shown in Figure 13A1 , for the spatial distribution of soil moisture on 21 October. Figure 13B1 shows the distribution of precipitation over the entire basin in the corresponding period. It was found that the soil moisture in the sub-basin of the Jinghe mountain station and Hot Spring station is substantial, with 22 mm and 18mm, repectively. The analysis also found that, while the soil moisture in the basin reached a high level in the same period, the precipitation occurred in the whole sub-basin of the Jinghe and Bortala Rivers. In order to accurately verify the response relationship between the soil moisture and precipitation in order of magnitude, this study extracted other surface components (i.e., potential evapotranspiration, soil moisture, precipitation and snow melt) of the Jinghe mountain station (2011) (2012) ) that corresponded with the other results ( Figure 14AB ). nearly 40 mm. At the same time, the soil moisture value in the sub-basin also climbed to about 22 mm and remained constant thereafter ( Figure 14B ). The rapid increase of the soil moisture at the above two streams of the Jinghe Mountain station indicates that the precipitation in the late autumn in the Jinghe Mountain sub-basin plays an important role in the later changes of the soil moisture. The overall change of the soil moisture from the annual circulation's perspective was analyzed. In the study area, the snow depth analyzed in the basin is from the third to fourth month of the research. The snow depth in the basin has experienced the rising and falling processes, and is close to 0 at the end of the snow melting. This is consistent with the snow depth observations extracted from the Jinghe Station ( Figure 15A,C) . In the later period, the climatic temperature of the study area rapidly increased, and as the air temperature is higher in this period, the frozen soil melts ( Figure  15B,D) . The soil evaporation also increased and accelerated the evaporation of soil water, which influenced the soil moisture's trend at this time. Ten months after the snow arrived, due to the cold and humid air flow over a wide range of precipitation (snow), the soil water content in the river basin increased significantly, which, as well as the cold air, is also caused by a significant reduction in evaporation. At this point, the soil liquid water content freezes (from November to December each The results show that the precipitation in the basin was close to 30 mm on 22 June 2010, and the soil moisture also reached 24.8 mm (Figure 14A ), corresponding to the above spatial distribution. On 21 October 2011, the precipitation in the sub-basin of the Jinghe Yamaguchi Control Station reached nearly 40 mm. At the same time, the soil moisture value in the sub-basin also climbed to about 22 mm and remained constant thereafter ( Figure 14B ). The rapid increase of the soil moisture at the above two streams of the Jinghe Mountain station indicates that the precipitation in the late autumn in the Jinghe Mountain sub-basin plays an important role in the later changes of the soil moisture.
The overall change of the soil moisture from the annual circulation's perspective was analyzed. In the study area, the snow depth analyzed in the basin is from the third to fourth month of the research. The snow depth in the basin has experienced the rising and falling processes, and is close to 0 at the end of the snow melting. This is consistent with the snow depth observations extracted from the Jinghe Station ( Figure 15A,C) . In the later period, the climatic temperature of the study area rapidly increased, and as the air temperature is higher in this period, the frozen soil melts (Figure 15B,D) . The soil evaporation also increased and accelerated the evaporation of soil water, which influenced the soil moisture's trend at this time. Ten months after the snow arrived, due to the cold and humid air flow over a wide range of precipitation (snow), the soil water content in the river basin increased significantly, which, as well as the cold air, is also caused by a significant reduction in evaporation. At this point, the soil liquid water content freezes (from November to December each year) and frozen soil is produced. Additionally, until the melting season occurs in the following year, when the frozen soil melting phenomenon occurs once again, part of the permafrost will be converted into soil liquid water.
In summary, the soil moisture in the basin will reach its first high level from March to April each year, mainly due to the snowmelt in the basin. After the end of the snowmelt period, the increase in precipitation and air temperature, as well as other phenomena, will lead to a trend in the soil temperature fluctuation. In mid-October the cold air arrives, leading to a large amount of precipitation (snow), and eventually turning the water in the soil into a frozen state. During the snow melt period in the following year, the soil liquid water increases again until the end of the snowmelt period. The overall change of the soil moisture from the annual circulation's perspective was analyzed. In the study area, the snow depth analyzed in the basin is from the third to fourth month of the research. The snow depth in the basin has experienced the rising and falling processes, and is close to 0 at the end of the snow melting. This is consistent with the snow depth observations extracted from the Jinghe Station ( Figure 15A,C) . In the later period, the climatic temperature of the study area rapidly increased, and as the air temperature is higher in this period, the frozen soil melts ( Figure  15B,D) . The soil evaporation also increased and accelerated the evaporation of soil water, which influenced the soil moisture's trend at this time. Ten months after the snow arrived, due to the cold and humid air flow over a wide range of precipitation (snow), the soil water content in the river basin increased significantly, which, as well as the cold air, is also caused by a significant reduction in evaporation. At this point, the soil liquid water content freezes (from November to December each Most researchers in China used traditional meteorological observatories with relatively scarce distribution when they studied the Western basin in China in the past. Similar studies have shown that scarce meteorological observatories do not represent the real underlying surface [48] , resulting in greater uncertainty in meteorological inputs and the uncertainty of model output is affected [33] . For example, some researchers were able to obtain only one weather station on the north slope of the Tianshan mountains for surface analysis of Juntanghu watershed [29] . In addition, the mode output of climate change scenario prediction will be very unreliable when traditional weather stations are unable to effectively calibrate the SWAT model [1, 32, 34] ; some scholars have realized that the western region of China needs to use the re-analysis data set to make up for the lack of data to drive SWAT. However, these researchers did not achieve good results by directly using reanalysis-data-driven SWAT without local correction. This is because most meteorological reanalysis data did not use automatic stations in China for correction, and cannot accurately reflect the intensity and frequency of the underlying surface in real weather [16] . Taking central Asia as an example, some scholars believe that an improper setting of climate simulation may lead to errors in simulation of ground climate field in regions with complex terrain and obvious spatial differences of meteorological elements [28] . For example, when the CFSR is used to drive the SWAT model, it can be found that the CFSR precipitation is overestimated in summer, resulting in overestimated runoff [44] [45] [46] .
Different from other studies, CMADS driving SWAT model was selected in this study, and important surface process components (such as soil temperature, soil moisture, snowmelt, etc.) were obtained. Under the condition of SWAT calibration, we believed that these surface processes could be trusted. In the future, in order to reduce the output uncertainty of the SWAT model and obtain the best simulation results, we will focus on adjusting the parameterized scheme based on CMADS+SWAT mode. At the same time, the real-time data (CMADS-WRF) can be further used to drive the SWAT model, providing early warning for the western region of China to minimize local environmental pollution and property loss.
Conclusions
Based on the typical analysis and verification area of the JBR in Xinjiang, the China Meteorological Assimilation Driving Datasets for the SWAT model (CMADS) was selected to drive the SWAT model. The spatiotemporal distribution of soil moisture, snowmelt, evaporation and precipitation was analyzed within this area to verify the availability of the CMADS in western China.
The study found that:
(1) The SWAT model was well calibrated by the CMADS. On the monthly scale, the performance of the SWAT model reached a satisfactory level in two control stations (Hot Spring and Jinghe Mountain) within the JBR (see Table 4 ). During the validation period, the simulation result (NSE = 0.851, R 2 = 0.796) of the model at Jinghe Station was better than that in Hot Spring station (NSE = 0.526, R 2 = 0.592). After localization the SWAT model, the daily simulated runoff (year 2012) was extracted in the study area, and we found that the SWAT model reproduced the runoff perfectly in year 2012. (2) From the perspective of time and space: During the snowmelt period, the main source of the soil moisture increase in the JBR is snowmelt, while only a small amount comes from precipitation; soil moisture and potential evaporation value show an inverse phenomenon; precipitation formed at the end of autumn in the sub-basin controlled by the Jinghe Mountain has played an important role in the later change of soil moisture. Soil moisture in the basin reaches its first high level in March-April each year, which is mainly caused by snow melting in the basin. After the snowmelt period, the soil temperature fluctuates upward and downward due to the increase of precipitation and the warming of air temperature. Until mid-October, the cold air transits and produces heavy precipitation (snow) and eventually converts the soil water into frozen soil. The next year, when the snowmelt period arrives, the liquid water of the soil increases again until the end of the snowmelt period. ( 3) The overall research shows that the CMADS can localization the SWAT model perfectly and and can effectively calculate other surface processes (Soil moisture, snowmelt, etc.), We believe that CMADS will provide an important data base for the lack of sites in western China, and provide more raw material for scientific discovery.
Author Contributions: Y.W. were primarily accountable for data collection and design and coordination of the study. Y.L. were responsible for data analysis and writing of the paper. J.Z. and M.Y. were responsible for results presentation. 
Conflicts of Interest:
The authors declare no conflict of interest.
